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 Educators are expected to instill a variety of skills in their students that are necessary to be 
competent citizens of society. One such set of skills, science literacy skills, broadly encompass the ability 
of an individual to evaluate reliability of data and information and critically analyze and interpret them 
(Gormally Brickman, Hallar, & Armstrong, 2009). These skills are utilized in everyday decision-making 
and given their pertinence, there is a need for citizens to be scientifically literate. Thus, educators need 
tools and assessments to help students develop these skills and analyze their science literacy. The aim of 
this study was to develop science literacy interventions that could be easily incorporated into college 
curricula, providing instructors with exemplars of classroom interventions with the intent to improve 
students’ science literacy skills. Therefore, the broad research question for this investigation was: How 
do science literacy interventions impact student proficiency in science literacy skills in college general 
education courses? I measured effectiveness of the interventions using the Test of Science Literacy Skills 
(TOSLS, Gormally Brickman, & Lutz, 2012) pre- and post-survey scores, as well as student feedback from 
pre- and post-survey follow-up interviews. The TOSLS surveys were given as part of a participation grade 
to students in a general education undergraduate college course (n = 148). A subset of students 
 
 
volunteered to be interviewed regarding specific questions from the TOSLS survey after both the pre-
survey (n = 12) and the post-survey (n = 5) to further investigate student understanding and 
interpretation. Interventions were designed by modifying previous assignments from earlier years’ 
offerings of the class and were conducted both during class and outside of class as homework 
extensions. These interventions were created by evaluating scores and interviews on the TOSLS survey 
deployed as a pilot study in a previous semester of the undergraduate course. Based on these pilot data, 
four survey questions encompassing different science literacy skills of particular difficulty were targeted 
for intervention. The interventions were: (1) an interactive clicker-based lesson involving graph selection 
methods (2) data summits involving graph interpretation and source evaluation and (3) a role-play after 
which students discussed sources of bias.  
Although the results indicated no statistically significant changes in the average scores between 
the pre-survey and post-survey (t test, p = 0.82, α = 0.05), interviewed students recalled participating in 
the interventions and found them useful. Pre-survey scores ranged from 18%-96% correct with a mean 
score of 59%. Post-surveys had a slightly smaller range of 21%-96% with a mean of 60% correct. Based 
on these results, more work is necessary to provide instructors with course interventions that 
incorporate science literacy activities that target specific components of science literacy skills. 
Assessments, like TOSLS, are tools that can measure science literacy skills broadly across various science 
courses and provide a good overview of student science literacy. By broadening the use of a single tool, 
measurements can be compared between classrooms to produce interventions that do not have to 
heavily impact curriculum pacing, yet will provide students with the tools and skills necessary to be 
more scientifically literate citizens.
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CHAPTER 1 
INTRODUCTION 
1.1 Understanding of Science Literacy 
 In day-to-day life we are all expected to collect information from our surroundings, synthesize 
what we have experienced, and determine the appropriate action for that situation. This process, 
although seemingly complex, is the expectation for sound decision-making. Without the tools to analyze 
information, it can be hard to make an informed decision. Determining what to wear outside based on a 
weather report, choosing what product to buy given information on quality and price, or looking into 
research supporting medical procedures and medications are tasks that require data analysis. It is 
important to critically interpret new information and combine this with more extensive research or 
previously gained knowledge. Someone who can synthesize these different trusted sources of data 
logically into a decision is considered to be scientifically literate (Schielke, 2013). However, science 
literacy is a term that varies somewhat in definition in the literature and also takes into account the 
ability to use trustworthy science to support results, decisions, and inferences (DeBoer, 2000; Gormally 
et al., 2012; Koltay, 2016; Majima, 2015; Millar, 2006; and Morgan, Bertera, & Reid, 2007). This ability 
can incorporate interpreting a variety of quantitative, graphical, or statistical findings in making different 
kinds of decisions in daily life and further extends into our economic, healthcare, and political decisions. 
Science literacy also involves being able to critically evaluate the sources from which the data originate. 
People need to be primed for making life decisions based on scientific information from reliable sources, 
a skill set that can be gained through formal education.  
Educators are increasingly encouraged to provide students with science literacy skills to better 
equip students to make decisions as citizens. Feinstein (2010) critically evaluated what is known about 
the use of science literacy skills by outsiders to the field and suggested that people do not view things in 
daily life as a scientist, but take bits and pieces of their scientific knowledge and apply it to a situation. 
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The key characteristic of the scientifically literate individual that Feinstein (2010) referred to as a 
“competent outsider” is the previous knowledge that can be repurposed. Falk et al. (2016) evaluated 
adult education at science centers— vaguely described as public institutions where a range of science 
content is available with no specific means of education (e.g., tours, self-investigation, or classes) — and 
found a correlation between the level of education (along with wealth) of each adult and their presence 
at such centers. Although the impact of education incorporates other confounding factors and could 
have skewed their results, Falk et al. (2016) demonstrated that individuals with higher levels of 
education were more likely to have continued engagement with science after leaving formal education 
settings. The benefit of this continued engagement is the increase of knowledge or scientific awareness 
from which a “competent outsider” can derive scientific knowledge to apply to life situations. In addition 
to informal educational approaches to science education, formal science education approaches have 
been developed to aid in science literacy skill development. Inquiry-based labs were one type of 
classroom methodology shown to result in gains (approximately 2–4%) in science literacy skills 
(Gormally et al., 2009). Evaluation showed that these gains were linked with the use of science literacy 
skills in a way that an average citizen would use them. This study intends to continue such inquiry in the 
classroom setting and to develop more tools for the classroom to provide students with a wealth of 
science literacy skills and knowledge.  
1.2 Description of Study 
 The Test of Science Literacy Skills (TOSLS) survey is an assessment used in 2017 and 2018 in the 
University of Maine’s Human Population and the Global Environment (EES 100) general education 
course. This assessment is used to identify areas of difficulty that students are having with science 
literacy and track changes in their science literacy understanding after having completed the course 
(Gormally et al., 2012). Based on preliminary TOSLS data collected in a pilot year in Spring 2017, I was 
able to target skills of particular difficulty for students and interview some of those students to 
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understand the reasons they struggled with those questions. From this initial study, I targeted three 
specific science literacy skills derived from the TOSLS survey: creating graphical representations of data; 
evaluating validity of sources; and justifying inferences, predictions, and conclusions based on 
quantitative data. In order to help students develop these skills, I used interventions that specifically 
targeted these three skill sets during the course in Spring 2018 with the understanding that a one-time 
intervention is not always enough to change student skills.  
This project aimed to provide initial trials of targeted interventions. Although Gormally et al. 
(2012) provided a well-validated instrument for assessing science literacy, the authors stopped short of 
recommending interventions to address students’ lack of skills. Gormally et al. (2012) conveyed in their 
study that not all students, or every class, improved significantly over one semester. However, I propose 
that by gaining an understanding of what students struggle with coming into the class, then targeting 
those science literacy skills specifically with interventions and reiterating the importance of these skills 
throughout the semester, that students would improve their science literacy skills by the end of the 
semester. The post-survey (end-of-semester) interviews were intended to allow students to reference 
these interventions as they discussed how their approach to science literacy skills had changed.  
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CHAPTER 2 
LITERATURE REVIEW 
2.1. Defining the Concept 
Science literacy, a term that is used widely today, lacks a consistent definition across all fields of 
science, technology, engineering and math (STEM) education. This term, first coined in 1958 (Feinstein, 
2010), has been much debated in order to refine the definition of what it means to be scientifically 
literate. The term is extensive and encompasses smaller divisions of scientific understanding such as 
graphical interpretation, source evaluation, and data analysis (Gormally et al., 2009). Thus, in order to 
fully understand the concept, it is important to investigate different definitions and interpretations of 
science literacy used by scientists and science educators as well as the suite of skills that comprise it. 
DeBoer (2000) explained how science literacy is the end goal of many science courses; however, not 
everyone agrees on what it means and therefore it is not taught uniformly. Despite the unclear 
definition, Millar (2006) aimed to improve the use of science literacy in secondary education. The 
authors loosely defined science literacy as an “understanding of the nature of scientific knowledge, of 
the ways in which it is obtained, checked, and refined, and of the characteristics of sound arguments in 
support of a claim or conclusion about some aspect of the natural world” (Millar, 2006).   
Koltay (2016) suggested that a more effective view of science literacy is as a continuum and 
argued that science literacy is really built on a scaffold of literacy including data literacy, information 
literacy, and math literacy. Information literacy is the ability to identify when data are necessary, finding 
and accessing resources that contain those data, determining if those resources are reliable, and 
applying the results to a broader picture (Koltay, 2016). Similarly, data literacy involves understanding 
those reliable resources and the results, often in graphical or tabular form, with their inferred 
conclusions as well as evaluating if the methodology is sound and the scientific process is held to a 
standard of rigor (Koltay, 2016; Webber, Nelson, Weatherbee, Zoellick, & Schauffler, 2014). Math 
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literacy not only touches on following math rules but also applying those strategies in a way that is 
functional in daily life (Kiuhara & Witzel, 2014). One study that tried to incorporate all of these different 
sub-categories broke down science literacy into nine key skills with the overarching definition that 
science literacy is “recognizing and analyzing the use of methods of inquiry that lead to scientific 
knowledge and the ability to organize, analyze, and interpret quantitative data and scientific 
information” for use in “real-world situations beyond the classroom” (Gormally et al., 2012). The 
assessment Gormally et al. developed in 2012 – Test of Science Literacy Skills (TOSLS) – predates Koltay’s 
(2016) description of the continuum, yet it encompasses those ideas by organizing student knowledge 
across a spectrum of science literacy categories. For the purpose of this study, I will use the Gormally et 
al. (2012) definition given that it focuses on the importance of science literacy in realms beyond just the 
field of science; in particular, focusing on the use of scientific information in everyday life.  
2.2. The Need for Science Literacy 
Science literacy plays a role in our society that is fundamental to being an educated citizen; thus, 
formalizing the teaching of these skills is vital for their fluidity of use throughout society. The day-to-day 
role that science literacy plays can be anything from understanding risks and benefits of various 
medications to understanding how well appliances perform based on evidence (Majima, 2015). Ideally, 
people should be equipped with the ability to observe, ask questions, gather evidence, and draw 
conclusions in order to make important and educated decisions (Morgan et al., 2007). Many of life’s 
important decisions rely on these skills and people often work through parts of this process without 
even thinking about them as data-related skills. However, research has shown that lay people do not 
use science literacy skills when faced with decision-making that would benefit from scientific thought 
such as political decisions or financial choices (Feinstein, 2010). Providing practice with these skills could 
allow people to make better-informed decisions and recognize key missing components in their daily 
evaluations of life situations.  
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 Although important for day-to-day life, there are times when science literacy skills become of 
particular importance for decision making that influences many people and their futures. Matschullat 
(2015) used an example that explained the burden that can fall on taxpayers when environmental policy 
is modified without informed decision-making based on scientific information; there are implications for 
ecosystems, towns, cities, states, nations, and the Earth as a whole. Given their scale of impact, science 
literacy skills warrant inclusion in classroom curricula. However, science literacy is far more than a 
technique for the science classroom; rather, it prepares individuals for all types of judgments and 
negotiations that occur across disciplines (Matschullat, 2015). Nevertheless, understanding science and 
technology is not always recognized as useful by the citizens who unknowingly utilize it. Valdecasas and 
Correas (2010) evaluated a survey of the Spanish population from 2008, which found that only 9.6% of 
the population showed interest in science and technology versus the 28% that showed interest in 
medicine and 26.1% in sports. As scientific concerns in society are becoming more pressing, providing 
citizens with science literacy approaches and skills will help them understand the use of science literacy 
as well as aid in solving real world and potentially large-scale problems.  
 We are currently in the Information Era, where information and data are easily accessible. 
However, without proper teaching of science literacy skills, people may incorrectly self-educate, which 
could lead to misconceptions. For instance, Falk et al. (2016) surveyed 1,018 adults in Los Angeles to 
determine how they were obtaining scientific information and found that they chose to use books, 
magazines, internet, documentaries and videos to educate themselves about science. Although all these 
informal science education resources and conduits have the potential to provide people with accurate 
scientific information individuals can be misled with false information without skills for determining the 
reliability of sources. People need to understand the process behind obtaining scientific findings in order 
to distinguish between fact and propaganda. This is becoming increasingly important in a time when 
news reports are presenting conflicting claims, based on differing evidence, to the general public. 
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Therefore, it can be useful to provide a setting such as the classroom to provide people with the 
methods to utilize such informal science educational resources effectively.  
2.3. Tools for Assessing Science Literacy 
The first step in preparing students to be scientifically literate citizens is to assess the extent to 
which the students are scientifically literate. An instructor must gather information on the difficulties 
students have with certain skills in order to identify the gaps in skills and to target them within 
classroom instruction. One particularly intensive dual-response instrument that assesses science literacy 
is Student Understanding of Science and Scientific Inquiry (SUSSI, Liang et al., 2008). This tool was used 
to evaluate 209 pre-service elementary education majors (some dual majoring in special education) 
using questions involving the nature of science and touched upon important science literacy topics like 
scientific methods and inferences (Liang et al., 2008). In this assessment, participants were asked to 
indicate the degree to which they agreed or disagreed with scientific statements. For example one 
statement was, “Scientists’ observations of the same event will be the same because scientists are 
objective” and the response options ranged from “strongly disagree” to “strongly agree” with the option 
to remain neutral (Liang et al., 2008). Responses to this assessment were compared to the opinions of 
expert scientists. Liang et al. (2008) reported that none of the participants had informed views 
(understand differing views and interpretations based on previous knowledge, perspective, and belief) 
on either the Likert Scale (strongly agree - strongly disagree) or constructed responses for scientific 
theory and laws. Further, only 14% of participants had informed views in each type of response related 
to scientific methods (Liang et al. 2008). Liang et al. (2008) showed that individuals answered questions 
of the same nature similarly; discrepancies were only found with the wording of open ended questions.  
SUSSI can be used to guide instructional decisions or as a summative assessment for student 
achievement. This assessment strongly focuses on the data literacy component with less emphasis on 
information literacy. Therefore, the tool is not efficient for assessing the full scope of science literacy. 
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SUSSI is further limited by the narrow interpretation that can be gathered from assessments that rely on 
Likert Scales and the difficulty of drawing valid conclusions based on interpretation of variable written 
responses.  
Blank et al. (2016) developed a novel, but unnamed tool designed for an in-depth evaluation of 
the information literacy skills of biology undergraduates. This assessment was administered over several 
homework assignments in which students were asked to find scientific literature that was relevant to a 
specified topic. Students (first year: n = 145; seniors: n = 43) were graded based on a rubric for source 
quality, source relevance, and citation quality. Blank et al. (2016) reported that 68% of first year 
students scored below a 67% on quality of source, whereas all seniors scored 67% or better (58% of 
seniors scored 100%). About 87% of students across both grade levels were able to find relevant sources 
and senior students did statistically significantly better than first year students in finding relevant peer-
reviewed articles (p = 0.017) and creating appropriate citations (p < 0.0001). Alone, this resource is 
specific only to information literacy but if used in combination with SUSSI, this novel tool could provide a 
well-rounded assessment for science literacy. However, this combination of resources could be time-
intensive and require a new rubric for assessing results. 
 Lawson’s Classroom Test of Scientific Reasoning (LCTSR; Lawson, 1978) is a test that is one of 
the older assessment tools used for measuring science literacy. In this 75-100 minute classroom 
assessment, students watched a physical demonstration and then were asked to respond to a multiple-
choice answer in a booklet where they had to follow up the answer with a written description of their 
reasoning behind their answer (Lawson, 1978). Correct answers were classified as having both the 
correct response to the multiple-choice question as well as correct reasoning in the written explanation. 
Results from the LCTSR surveys, which were distributed in required general science, biology, and English 
classes across one junior high and two high schools in the San Francisco Bay area (n = 513 students), 
showed an increase in average scores from eighth through tenth grade; however, the mean score did 
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not exceed 60% at any grade level (Lawson, 1978). As Lawson (1978) concluded, this assessment helps 
instructors get an understanding of how students think which can help prepare lesson targets. Although 
this test is often referenced in science literacy papers, the content only incorporates the reasoning and 
data interpretation areas of science literacy and neglects the skill area of information literacy.  
 In reviewing the available, researched tools for measuring science literacy skills, it is clear that 
there is no one perfect tool to assess the broad suite of skills and concepts involved in science literacy. 
However, it is important to show why the assessment tool for this study was not arbitrary, rather it was 
the most suitable assessment. To maintain consistency across science literacy assessment in a way so 
that results obtained are comparable, a results single tool must be utilized and thus be widely accessible 
(for a relatively comprehensive list of assessments broken down by skill set, see Blank et al. (2016)). As 
such, the assessment selected for this study was the Test of Science Literacy Skills (TOSLS) survey 
(Gormally et al., 2012). TOSLS is useful in determining which skills students in large general education 
science classes have mastered and which skills need work (Gormally et al., 2012), and thus provides an 
appropriate tool for use at university (and smaller) scale. In particular, this survey is easy to administer 
given that it is accessible online to students and multiple choice, allowing for quick score turn-around.  
This tool allocates science literacy into nine skills across two categories that are tested by 
answering 28 multiple-choice questions. The first category is “Understand methods of inquiry that lead 
to scientific knowledge” which is further broken down into four skills linked to information literacy that 
focus on how information is obtained in science and whether the information presented is accurate, 
reliable, and used in an appropriate context. The second category is “Organize, analyze, and interpret 
quantitative data and scientific information”, which incorporates the other five skills that focus on data 
and math literacy and include numerical results of a study, how those results are shown visually 
(graphing), and whether the conclusions based on those results are justified. In developing the tool, the 
authors situated the questions in real-world contexts, as is important when developing a set of practical 
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science literacy skills for scientists and non-scientists alike. For example, one question prompts students 
to think about their confidence in the accuracy of a website from a Google search of a topic they heard 
about on the news (Gormally et al., 2012). By applying these real life scenarios, the instrument is 
appropriate for a broader range of individuals than science students. Gormally et al. (2012) described 
the validity and reliability evaluations of the TOSLS survey, which included student interviews, biology 
educator expert reviews, pilot testing, examination of psychometric properties, classroom testing of the 
finalized instrument in multiple classrooms, and validation of the tool with different biology courses. 
Reliability was explored in the pre- and post-surveys using the Kuder-Richardson test; the pre-survey 
scored 0.731 and the post-survey scored 0.748, which is within the acceptable range for internal 
consistency. The validation process was imperative for ensuring confidence and trustworthiness of a 
newly developed research tool.  
While investigating published TOSLS survey results from other institutions, it became apparent 
that although many authors have cited Gormally et al. (2012) results for the TOSLS survey are seldom 
reported. Rather, the authors typically reference the paper for its potential to be utilized in other 
educational assessments. For instance, Dasgupta, Anderson, and Pelaez (2014) developed a Rubric for 
Experimental Design (RED), utilizing the understanding that undergraduates struggle with the concept of 
representative samples in experimental design as described in Gormally et al. (2012). In this case, 
Dagsupta et al. (2014) were able to develop a rubric for diagnosing student difficulties with experimental 
design, but never utilized the TOSLS survey. Another study borrowed Gormally et al.’s (2012) finding 
that undergraduates have difficulties with statistical reasoning skills as a foundation for their research 
development of the Statistical Reasoning in Biology Concept Inventory (SRBCI; Deane, Nomme, Jeffery, 
Pollock, & Birol, 2016). Benjamin et al. (2014) used Gormally et al. (2012) as support for valid and 
reliable undergraduate surveying methods in the development of SLSCP, a survey that connects 
academic preparedness with science literacy. These are just a few examples that show that researchers 
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are not publishing results from the use of the TOSLS survey or about how to improve the tool, but rather 
using the student difficulties identified in Gormally et al. (2012) as a springboard for other research or 
instrument development. Without consistency in the use of a tool to measure science literacy skills 
within and across institutions, it is hard to further validate the TOSLS tool. Without consistent 
measurements of results, it is hard to document change and improvement over time. This study intends 
to create some consistency by using TOSLS instead of developing a new tool.  
2.4. Summary of Science Literacy Assessment 
As an assessment tool, TOSLS is able to provide an understanding of the skills with which 
students struggle most but few studies have implemented interventions to improve students’ science 
literacy skills and measure the impact of those interventions by assessment. Lawson (1978), as well as 
others, explained that assessment tools provide instructors with an understanding of how students 
think, which can help prepare lesson targets. With this information, instructors need to try interventions 
that target these specific areas of student difficulty in order to build a toolbox for science literacy skill 
education. Testing interventions is an iterative process that needs to undergo trials and modification. 
Upon entering a science course, students have certain convictions and understandings of science that 
are years in the making (Lederman, 2002). Sometimes these preconceptions do not align with current 
scientific research, and may not be able to be altered after only one intervention. After implementation, 
TOSLS can be used to evaluate if there are changes in student understanding (Gormally et al., 2012), 
which can lead to further development and modification of science literacy interventions.  
2.5. Teaching Science Literacy 
 Science literacy education can occur in a variety of settings including informal education centers. 
Valdecasas and Correas (2010) speak to the importance of museums (particularly natural history 
museums), which provide access to science collections and scientific knowledge not easily accessible 
from different parts of the world. They propose approaches that natural history museums can take to 
 12 
 
promote science literacy, which include offering new perspectives and awareness to carefully consider 
and challenge existing conclusions. Morgan et al. (2007) described another science education resource 
designed by the foundation Setting Priorities for Retirement Years (SPRY) called Science Across the 
Generations (SAG). This resource consisted of 20 modules tested by both children (n = 1,568) and adults 
(n = 1,471). In these modules, participants were educated in science via reading, talking, writing, and the 
using new words with informal science materials. The response to SAG by adult participants was 
encouraging as 75% had learned something new about science and 56% learned something new about 
scientific problem solving (Morgan et al., 2007). Children showed on average 5% increase in science 
knowledge from pre- to post-instruction. Results from this study also showed that participants were 
excited about learning these science topics and that they were interested in continuing to learn. Not 
only do these informal education (non- classroom-based) opportunities excite the public to learn more, 
but by providing access to science education within communities (e.g. schools, education centers, 
community programs.), citizens are prepared to make more scientifically informed decisions within 
society. 
Classroom instruction is another method of reaching out to people to improve scientific literacy 
within society. This allows for direct instruction, targeting broader audience that is not always reached 
by optional-attendance in informal settings. Similar to the modular approach of some informal settings, 
teachers and professors can prepare interventions to focus on topics of interest. Reeves and Honig 
(2016) deployed data literacy interventions with elementary pre-service teachers (n = 64) utilizing a pre-
post survey assessment to assess whether the participants had gains in knowledge and skills, attitude 
towards data, and data literacy skills after completing the intervention. The intervention involved two 
days of three-hour sessions. The first day was spent entering raw data into Excel datasets that provided 
statistical outputs and also running assessments for quality and reliability. The second day of 
intervention was spent on analysis and interpretation of the data. Participants were found to have gains 
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only on certain aspects of analysis; specifically, data literacy measures were significantly greater for the 
post-test (Reeves & Honig, 2016). Not only was this study beneficial as it incorporated pre-service 
teachers, but it was an exemplary study for the use of an intervention with undergraduate students. As 
was shown by Reeves and Honig (2016), not all interventions prove fruitful in all areas of intent such as 
changes in participants’ attitudes and beliefs about data. But there is always something that can be 
learned from null data (Eskinasi & Fokkema 2006) that will provide insight for further inquiry.  
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 CHAPTER 3 
METHODS 
3.1. Context for the Study 
The focal course of this study is called “Human Population and the Global Environment” (EES 
100), which is offered at the University of Maine—a land-grant state university located in a 
predominantly rural region in the northeastern U.S. This class is designed to introduce concepts and 
principles for evaluating the contemporary global issues of population growth, natural resource 
management, and environmental protection (The University of Maine, 2016). In addition to providing 
content knowledge about this wide array of environmental systems and issues, another objective of this 
three-credit course is for students to develop skills to critically interpret the diverse types of information 
available about environmental issues. This course satisfies the University's Population and the 
Environment general education requirement. The course also aims to achieve some of the Association of 
American Colleges and Universities (AACU) Valid Assessment of Learning in Undergraduate Education 
(VALUE) outcomes. For this assessment, rubrics are distributed to professors to aid in general education 
performances. Specifically, EES 100 aims for students to gain proficiency in five information literacy 
outcomes and four quantitative literacy outcomes. This class also benefits from being co-taught by two 
professors, as well as having two teaching assistants, and two Maine Learning Assistants (undergraduate 
peers that have taken the course previously and aid in student interaction and provide extra help for the 
current students).    
 EES 100 has no prerequisites and as an undergraduate general education course it is open to any 
undergraduate student attending the University of Maine. Because it fulfills a general education 
requirement, students in this class come from a variety of backgrounds, study different majors, and have 
different expected graduation dates. However, this course is also an early requirement for a degree in 
Ecology and Environmental Sciences (EES), the department offering the course. The class size ranges 
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from 100-150 students from five different colleges within the university. The gender ratio differs from 
year to year, but Spring 2018 had approximately a 50/50 gender split. First year students are most 
common (approximately 60%) with a spread of upperclass students tapering off towards seniors. 
Although EES students make up approximately a third of the class, many students take this course from 
other majors to meet the general education requirement. 
3.2. Pilot Study 
In Spring 2017, the Test of Science Literacy Skills was distributed to students (n = 130) in EES 100 
as part of an Institutional Review Board (IRB) approved project at the university. To determine what 
science literacy skills would be best to target for the study, I calculated summary statistics for individual 
questions and evaluated the survey content for relevance to the course in consultation with the 
instructors. In order to further understand the results of the survey, I collaborated with the two 
instructors to develop clinical interviews. I tested those protocols with student volunteers (n = 5) at the 
end of the semester in Spring 2017 to uncover the difficulties students were experiencing while 
answering questions 2, 5, 17, 22, and 28—those identified as addressing target skills—from the TOSLS 
survey (Survey: Appendix A; Interview: Appendix B). Based on an understanding of these difficulties 
through interviews, targeted interventions were developed for the class.  
Given the results from EES 100 Spring 2017 pre- and post- TOSLS surveys and post-survey 
interviews, the instructors and I determined that questions 15, 17, 22, and 28 were of most interest and 
relevance to the class as they were in line with the course learning objectives and were areas of 
expected difficulty based on previous results. The skills associated with the questions were as follows: 
(1) conduct an effective literature search of sources and distinguish between types of sources (Q17 and 
Q22); (2) make a graph (Q15); and (3) justify inferences, predictions, and conclusions based on 
quantitative data (Q28) (Gormally et al., 2012). These questions were the focus of the Spring 2018 
interview protocol that was given after the pre-TOSLS survey as well as after the post-TOSLS survey. 
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Pilot year interviews were lengthy and the phrasing of some interview questions led to responses that 
were drawn out and did not always provide conclusive information to help with course improvement. 
Thus, revisions were made to the pilot interview script in order to obtain more clear and concise 
responses from the participants and to enable more accurate coding for analysis. Table 1 provides the 
text of the selected interview questions for the Spring 2018 study, and identifies the related science 
literacy skill for each question. 
Table 1. Test of Science Literacy Skills (TOSLS) target question skills and text for EES 100 interviews, 
Spring 2018, University of Maine.  
Question 
(abbrev. 
hereafter) 
Science Literacy Skill 
(Gormally et al., 
2012) 
Text of Question (TOSLS; Gormally et al, 2012) 
(For associated figures and answer options see Appendix A) 
Question 15 
(Q15) 
Make a graph Researchers found that chronically stressed individuals have 
significantly higher blood pressure compared to individuals 
with little stress. Which graph would be most appropriate for 
displaying the mean (average) blood pressure scores for 
high-stress and low-stress groups of people? 
Question 17 
(Q17) 
Conduct an effective 
literature search of 
sources and 
distinguish between 
types of sources 
The most important factor influencing you to categorize a 
research article as trustworthy science is: 
Question 22 
(Q22) 
Your doctor prescribed you a drug that is brand new. The 
drug has some significant side effects, so you do some 
research to determine the effectiveness of the new drug 
compared to similar drugs on the market. Which of the 
following sources would provide the most accurate 
information? 
Question 28 
(Q28) 
Justify inferences, 
predictions, and 
conclusions based 
on quantitative data 
Researchers interested in the relation between River Shrimp 
(Macrobrachium) abundance and pool site elevation, 
presented the data in the graph below. Interestingly, the 
researchers also noted that water pools tended to be 
shallower at higher elevations. Which of the following is a 
plausible hypothesis to explain the results presented in the 
graph? 
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3.3 Study Structure 
 The study occurred over a 14-week semester and included several components, some of which 
occurred inside of class and others outside of class with certain voluntary options as well as participatory 
requirements (Table 2). Given the variation in those requirements, sample sizes were different for each 
study component. 
Table 2. Timeline of events over the Spring 2018 semester of EES 100, The University of Maine.  
Semester Week Event Sample size (N) Approx. Time (min) 
Lecture (L) 
Homework (HW) 
1-3 Pre-Survey 111 15-75 (HW) 
1-3 Pre-Interviews 12 10-25 (optional) 
3 Graph Choice Lecture 118 20 (L) 
7 Data Summit 1 95 30 (L), 60 (HW) 
10 Role Play 98 30 (L) 
13 Data Summit 2 118 30 (L), 60 (HW) 
13-14 Post-Survey 90 15-75 (HW) 
13-14 Post-Interview 5 10-25 (optional) 
 
3.3.1. Pre-Survey and Post-Survey Methods 
The Test of Science Literacy Skills (TOSLS; Gormally et al., 2012) survey was administered via an 
online platform associated with the course to all of the students (n = 148). Students had two and a half 
weeks to complete the survey and were awarded participation credit for submitting it. Full credit was 
given for the submission; the score was not a factor in the distribution of credit. The post-survey was 
distributed through the same online forum and open to students approximately two weeks prior to the 
end of the semester. This ensured that students could complete the survey for class participation credit 
while also limiting the amount of time remaining in the class to best encompass what was learned over 
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the course of the semester. As was the case in the pre-survey, full points were awarded for the 
submission of the survey and were not based on the score. Student data were de-identified prior to 
analysis. 
3.3.2. Pre-Interview and Post-Interview Methods 
 Unlike the survey, interviews were completely voluntary but also had no weight on students’ 
EES 100 course grade. Instead of course credit, a $10 incentive was used to entice volunteers to 
participate. The survey was advertised both in-class and on the online forum and students were asked to 
answer four of the TOSLS questions in person. IRB approval was acquired to record the interviews for 
later analysis. For every TOSLS question asked, volunteers were asked to explain their reasoning behind 
their answer (interview script: Appendix C) and, although they were asked to take  the survey prior to 
being interviewed, they were not required to answer the same way as they had in the survey . In 
addition, on the post-interview, the students were asked about EES 100 and the interventions (interview 
script: Appendix D). Interview participants could perform in both the pre-interviews and post-interviews 
but they were not required to do so. Course instructors were not aware of the names of participating 
students. Table 3 shows demographic information collected from the volunteers who participated in the 
interviews and which interview(s) they participated in. One student who took both the pre-interview 
and post-interview had not completed the survey prior to the pre-interview which is indicated by an 
asterisk (*) in the table.   
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Table 3. Interviewee demographics for the subset of EES 100 students who volunteered for interviews, 
Spring 2018, University of Maine.  
Interviewee Interview(s) Gender Year Major 
1 Pre Female Upperclass Nursing 
2 Pre Male First-year New Media 
3 Pre Male Upperclass EES 
4* Pre, Post Male First-year Biology/EES 
5 Pre Female Upperclass Biology 
6 Pre Female Upperclass English 
7 Pre, Post Female Upperclass History 
8 Pre Male First-year Mechanical Engineering 
9 Pre Female First-year EES/Wildlife Ecology 
10 Pre Female First-year Engineering Physics 
11 Pre Female Upperclass EES 
12 Pre, Post Female Upperclass EES 
13 Post Male Upperclass EES 
14 Post Female Upperclass EES 
*This participant did not take the pre-survey prior to interview 
3.3.3. Intervention 1: Graph Choice Chart 
 The Graph Choice Chart (GCC) is a tool designed by The Maine Data Literacy Project with the 
intent to help students use data as evidence to defend claims and also identify appropriate graphs for 
answering research questions (Figure 1; Webber et al., 2014).  Since data can be presented in many 
different formats (graphs of all types, figures, maps, etc.) interpretation of data by readers can be 
difficult (Weissgerber, Milic, Winham, & Garovic, 2015). Thinking critically about the presentation of 
information and what story the data tell are important skills and will prepare students for thinking about 
how they will present and interpret data. Webber et al. (2014) found when surveying 200 high school 
students only 23% properly drew a graph to show the effect of environment on population abundance 
and 58% of students drew an appropriate graph to show correlation between two factors. Based on 
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follow-up interviews it became apparent that students do not think about the type of graph that they 
should use to display a given set of data (Webber et al., 2014). Emphasis on the research question from 
which a graph is derived became the basis for the GCC. As such, this tool can be utilized as an 
intervention to help students in both determining what kind of information a figure is displaying and in 
selecting an appropriate graph to display data.
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Figure 1. Graph Choice Chart. (The Maine Data Literacy Project, 2011) 
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Figure 1. Continued 
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 Three weeks into the course after all surveys were submitted and interviews had been 
conducted, the first intervention involving the GCC was implemented during lecture. The intervention 
involved an approximately 20 minute interactive lecture that I delivered to begin the class. Prior to the 
lecture, all students were given a copy of the GCC (Figure 1). The lecture engaged students by 
questioning how they present data and how they choose the format in which to display it. Then they 
used clickers to answer questions about the appropriate graph to use in a given scenario without prior 
instruction on how to use the GCC. I then went through the different graph options giving students the 
opportunity to defend their answer choice using the information on their copy of the GCC. At the end of 
the 20 minute intervention, students were asked the same clicker question again, after familiarizing 
themselves with the options using the GCC and having received direct instruction. The results were 
recorded. The iClicker system sent the data to an online class forum where students get participation 
points and the results could be viewed by instructors.  
3.3.4. Intervention 2: Data Summits 
The Data Summits were previously designed EES 100 assignments that involved interactive class 
activities. The activities were developed to engage the students with graphical material while 
investigating source reliability. During the semester, two different summits were run. The first Data 
Summit started by introducing students to different graphs related to natural resources in Maine. 
Students were asked to answer the question: “Is Maine pristine?” (Appendix E). For this summit, 
students worked in groups of about 4–8 students during class to analyze one graph out of a set of 
graphs gathered from websites and scientific journal articles, which was curated by the course 
instructors. They then completed the summit assignment as homework and brought the worksheet to 
the following class to engage in group discussions.  
This intervention was intended to reinforce the previous intervention, giving students the 
opportunity to practice the skill of graph choice while targeting the other science literacy skills. One 
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question asked students to use the Graph Choice Chart as a guide for determining if the appropriate 
graph was used and to share the correct steps through the chart to get to the appropriate graph. This 
part of the intervention was intended to target the skill “make a graph” (Gormally et al., 2012) by 
engaging students in graph design. This intervention encouraged students to think critically not only 
about the data presented but whether or not they thought it was presented in a way that was 
appropriate for the type of data that were collected. Since not all representations of data support 
drawing accurate conclusions, especially in the case where the summary statistics and figures conflict 
with one another (Weissgerber et al., 2015), it is a useful skill for students to first identify if the data 
have been presented in an appropriate figure.  
Two of the questions on the Data Summit assignment required students to determine the 
reliability of the source by identifying where the source originated and then evaluating it by considering 
possible outside (bias) influence. This was specifically designed to target the skill: conduct an effective 
literature search of sources and distinguish between types of sources (Gormally et al., 2012). Lastly, 
question six on the assignment brought in the other aspect of graphing skills: justify inferences, 
predictions and conclusions based on quantitative data (Gormally et al., 2012). In this question, students 
used graphical data to support or refute a hypothesis. This intervention was preceded by an interactive 
group discussion of the graphs during class where students could utilize their peers, professors, and 
teaching assistants to help interpret the graphs. Following the class students completed the intervention 
assignment on their own.  
A second summit was held during the third to last week of the semester which investigated the 
question, “Are we in the Anthropocene?” (Appendix F). This summit, like the first, involved the use of 
graphs to answer the target question. Unlike the first summit, students were not supplied with graphs; 
rather they had to do research and discover a relevant graph that they could use to answer the 
question. Question one was modified to have students share a copy of the graph they selected and 
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question six was modified so that the hypothesis related to the question. Instead of priming the 
students with class discussion on the graphs, students found the graphs outside of class and brought 
their assignments to class to share and discuss their findings. This interaction along with feedback from 
the original summit assignment aided in student understanding of the targeted skills based on 
conclusions drawn by Lipnevich and Smith (2009) where findings showed that written feedback provided 
students with additional opportunities to learn and improve.  
3.3.5. Intervention 3: Stakeholders in Research Role Play 
The last skill addressed by intervention in this study was to “distinguish between types of 
sources; identify bias, authority, and reliability” (Gormally et al., 2012). The focus was on student 
recognition that evaluation of resources by unbiased third party experts is a factor of great importance 
when determining the reliability or trustworthiness of a scientific paper or information source. To do 
this we modified a previous role play class activity that originally was designed to bring in the concept of 
stakeholders. The roles and the script template (Appendix G) were designed to facilitate student 
discussion of an environmental and human population problem from different perspectives. Specifically, 
students worked in small groups assigned different stakeholder roles and based on those roles, students 
had to identify the stance they wanted to take regarding DDT (pesticide) use in India. After convening 
with group members, one student from each group went to the front of the lecture hall to role play the 
stakeholder utilizing the group discussion in stating their stance on DDT and deliberating with the other 
stakeholder representatives. Then, during a Think, Pair, Share (TPS) they were asked to discuss whether 
any of the roles were examples of unbiased parties and then more broadly investigate what it means to 
be an unbiased party. This migrated from a small group discussion to a full classroom reflection.  
3.4. Data Quality Assurance (QA), Preparation, and Statistical Analyses 
Once the pre- and post-survey results were received, the data were de-identified by an outside 
party associated with the distribution of the survey. The de-identified data were first quality assured by 
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(1) removal of any surveys completed in under 15 minutes (2) removal of any incomplete surveys where 
more than five questions were unanswered and (3) removal of replicate surveys. Step one in the data 
QA process was determined based on five volunteer surveys in which volunteers were asked to read 
through every question and answer, and then select a random answer from the choices. The average of 
these five surveys was just under 15 minutes and was therefore rounded upward. Assuming it takes 
approximately 15 minutes to read through the survey in order to select an answer, any survey under 
that time was considered to be completed for the purpose of credit and not a successful completion. 
This measure was used as the survey was not designed with a function to eliminate extraneous surveys. 
Step two was also used for elimination of extraneous surveys. Credit was given for the submission of the 
survey, but did not require the completion of all questions. As a result, surveys with more than five 
unanswered questions were considered incomplete and removed to ensure more meaningful results. 
Thereafter, any surveys with five or less questions unanswered, the unanswered questions were 
considered answered incorrectly. Step three was necessary due to the limitations of the survey 
software. Occasionally there was more than one survey presented for a single student. When more than 
one survey was present for an individual, then the most complete (i.e. one with fewer questions 
unanswered) was used; if both surveys were complete, the first submitted survey was used in the data 
set. 
After the quality assessment, the data were first analyzed as a whole for the purpose of 
providing the EES 100 professors with the largest dataset for course evaluation. Descriptive statistics 
(mean, median, standard deviation, variance, minimum score, and maximum score) were calculated as a 
whole, as well as in subgroupings to see if there were pre-post changes on a smaller demographic scale 
for genders, majors, or year in school. For the purpose of this study, these data are not included as they 
do not provide a sample that is usable for statistical analysis, but they can be found in Appendix I.   
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Once the overall dataset was analyzed, matched sets were formed in order to run analyses to 
test for significance between the pre- and post-surveys. The overall matched data were run using a 
paired t-test on the difference of scores. The demographic data were compared using independent t-
tests for unequal sample size and unequal variances, calculated using the difference of pre- and post-
survey scores (post survey score (%) – pre-survey score). The assumption of normality for the 
distribution of the changes in score required for parametric analyses was met as the data exhibited a 
negligible right skew in the difference of the scores based on a histogram centered at 0 (i.e. no score 
change).  
To further investigate the questions of interest (Q15, Q17, Q22, and Q28), separate analyses 
were run for paired nominal data using the McNemar’s test (Adedokun and Burgess, 2012). The 
McNemar’s test is non-parametric, thus the slight right skew of the observed data distribution is not 
problematic. The McNemar’s test uses the Chi-square test statistic to determine whether proportions of 
response have changed across two points in time within the same population—a useful test when the 
data have a binary score. Since other questions on the test not specifically targeted by interventions or 
interviews were associated with the skills targeted, McNemar’s tests were run for Q10, Q12, Q21, Q25, 
and Q26 as well. To determine the impact the interventions on each of these question, participation in 
the intervention was compared to the score changes of the matched data using a Chi-squared test. For 
each intervention there were two categories of students: “participated in the intervention” and “did not 
participate in the intervention”. These categories were compared using the subcategories associated 
with each question targeted by the intervention: “improved” (went from incorrect answer on pre-survey 
to correct answer on post-survey), “worsen” (went from correct answer on pre-survey to incorrect 
answer on post-survey), “no change incorrect” (incorrect on pre-survey and post-survey), and “no 
change correct” (correct on pre-survey and post-survey). Finally, a linear regression was run using 
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square root transformed data to identify if time spent on the survey (as identified in the output from 
open to close on the online platform) was correlated with student scores.  
The interviews required a qualitative method of analysis in which participant responses were 
coded as either correct or incorrect. For each question in each interview, coding categories were 
developed to describe the type of explanation given by the student (ex. “Unbiased is reputable” or 
“Graph seems specific and detailed”). Responses were separated by question and the synopses were 
reviewed for correct and incorrect responses separately. Commonalities in each were noted and 
investigated further to determine why students may have answered in the way that they did. Finally, 
comparisons between questions that focused on the same skill (Q17 and Q22) or similar skills (Q15 and 
Q28) were made to see if there were any similarities or differences between student responses.  
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CHAPTER 4 
RESULTS 
4.1. Measuring Improvement Over the Course 
Of the 88 pre-surveys and 56 post-surveys that remained post-QA measures, 44 of the 
participants had matched data for comparison. Appendix H shows the descriptive statistics for only the 
matched data both overall and broken down by demographic groupings. The findings for the matched 
set were similar to the results of the unpaired dataset (Appendix I). The overall average scores for the 
pre- and post-surveys in this table are the most useful given that the demographic breakdown greatly 
reduces the sample size. Both the pre- and post-survey had approximately a 1:1 ratio of males to 
females, 1:3 ratio of EES to Non-EES majors, and 2:1 ratio of first-year students to upperclass students 
(Appendix H). The mean and median are relatively similar for each subset; however, the large standard 
deviations (roughly 20%) were explained by the bimodal distribution of pre-survey scores and the slight 
right skew of post-survey scores.  
For students who took both the pre- and post-survey, the aggregate (n = 44) scores did not 
change by the end of the course (p = 0.82). However, when investigating sub-groups improvement was 
found between the pre- and post-survey of women (p = 0.04) and the pre-post change differences were 
statistically significantly greater for women over men (p = 0.03; Table 4). Men (n= 18) earned lower 
overall scores on the post-survey (62%) compared to the pre-survey (66%), whereas women (n = 24) 
earned higher overall scores on the post-survey (64%) compared to the pre-survey (58%). The same was 
true within EES (p = 0.04) and between EES and non-EES majors (p = 0.05; Table 5). The overall scores of 
non-EES majors decreased from pre-survey (63%) to post-survey (61%) whereas, EES majors increased 
from pre-survey (63%) to post-survey (68%; Table 5). There were no differences found within or 
between years in college (Table 6). All of these results are comparable to the gains found by Gormally et 
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al. (2012) at the classroom scale where there were significant gains of anywhere from 6-9% increases 
pre- to post-survey, as well as classes that showed no significant improvements. 
Table 4. Test of Science Literacy Skills (TOSLS) score comparison pre-post survey between men and 
women. 
 
      Men      Women Men vs Women 
Pre mean (%) 66 58 - 
Post mean (%) 62 64 - 
Change (%) -4 +6 - 
df 17 23 11 
t Stat 1.20 -2.15 -2.31 
p value 0.25 0.04s 0.04s 
TOSLS results from EES 100 course, Spring 2018, University of Maine.  
s Statistically significant. 
 
 
Table 5. Test of Science Literacy Skills (TOSLS) score comparison pre-post survey between EES and non-
EES majors. 
    EES* Non-EES** EES vs Non-EES 
Pre mean 61 63 - 
Post mean 68 61 - 
Change +7 -2 - 
df 11 31 29 
t Stat -2.31 0.57 -1.40 
p value 0.04s 0.57 0.17 
TOSLS results from EES 100 course, Spring 2018, University of Maine.  
*Ecology and Environmental Science majors.  
**Majors other than EES (Non-EES).  
s Statistically significant. 
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Table 6. Test of Science Literacy Skills (TOSLS) score comparison pre-post survey between first-years and 
upperclass students. 
 First-year Upperclass First-year vs Upperclass 
Pre mean 61 66 - 
Post mean 63 63 - 
Change +2 -3 - 
df 29 13 19 
t Stat -1.40 1.03 -1.52 
p value 0.17 0.32 0.15 
TOSLS results from EES 100 course, Spring 2018, University of Maine.  
 
In addition, none of the focal questions examined showed significant differences between pre-
survey and post-survey responses (p > 0.05 for all questions; Table 7). These results were consistent 
both with and without the Yate’s correction (a value used to reduce error). The majority of the students 
had no change in their response (either answered both correctly or both incorrectly); across the four 
targeted questions 57–84% of responses fell in this category. However, it is interesting to note that 
although not the target questions, improvements were seen on Q10 (p = 0.005) and Q26 (p = 0.02) 
which fall in the same skill as Q17 and Q22: ‘Conduct an effective literature search of sources and 
distinguish between types of sources.” The last question associated with that skill, Q12, did not show 
significant improvement (p = 1.0) same as Q17 and Q22. There were no other questions associated with 
the same skill as Q15 (make a graph), but Q21 and Q25 were aligned with the same skill as Q28 (Justify 
inferences, predictions, and conclusions based on quantitative data). Neither Q21 nor Q25 showed 
significant improvement (p = 0.3, p = 0.6 respectively).  
Furthermore, participation in the Data Summits (incorporating the GCC) and role play 
interventions had no positive significant impact on the scores for the individual question (Table 8). In 
fact, students decreased in performance on question 22 (p = 0.03; Table 8) according to participation, 
which is likely due to the high rates of performance overall on that question. Based on linear regression, 
I did not find support that the time a student spent taking the test was related to his/her score for the 
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pre-survey (F = 0.91 p = 0.35, r2 = 0.02) or the post survey (F = 2.5,9 p = 0.12, r2 = 0.06), although it 
should be noted that time was recorded from start to finish rather than active time. 
Table 7. Test of Science Literacy Skills (TOSLS) question analysis McNemar results.  
       Q15      Q17     Q22      Q28 
McNemar Chi square 0.00 2.57 0.14 0.89 
p-value 1.00 0.11 0.71 0.35 
McNemar Chi square (Yate's correction (0.5)) 0.02 2.16 0.04 0.68 
p-value (Yate's Correction) 0.90 0.14 0.85 0.41 
EES 100 course results, Spring 2018, University of Maine. 
 
Table 8. Test of Science Literacy Skills (TOSLS) question analysis intervention participation Chi-squared 
results.  
       Q15      Q17     Q22      Q28 
Data Summits (p-value) 0.60 0.13 0.71 0.76 
Role Play (p-value) - 0.21 0.03s - 
EES 100 course results, Spring 2018, University of Maine.  
s Statistically significant. 
 
4.2. Source Evaluation 
 Intervention 2 (Data Summits) and Intervention 3 (Role Play) were intended to target the skill of 
evaluating sources specifically Q17 and Q22 on the TOSLS survey. Although the same skill, it can be seen 
throughout the surveys and interviews that students were able to answer Q22 correctly more often than 
Q17 (Figure 2). In the initial development of TOSLS, Gormally et al. (2012) evaluated item difficulty for 
each question based on pilot surveys. Q22 was scored 0.72 and 0.84 on a 0–1 scale where higher values 
indicate an ‘easier’ question in the pre- and post-surveys respectively. This was based on a combination 
of the non-science major and science major courses that they evaluated. By contrast, difficulty scores 
for Q17 were 0.44 and 0.47 for the pre- and post-surveys respectively. Therefore, we expected 
variability in scores on these two questions.  
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Figure 2. Test of Science Literacy Skills (TOSLS) pre- and post-survey scores for Q17 and Q22 in EES 100, 
Spring 2018, University of Maine. 
 
4.2.1. Question 17 
 Students had no statistical gains from pre- to post- survey on Q17 (p = 0.11; Table 7). Even 
though there were no gains, Q17 had the greatest positive change from incorrect on pre-survey to 
correct on post-survey of all the target questions. As seen in Table 9, ten students went from the 
incorrect answer to the correct answer with only four students having gone from the correct to the 
incorrect answer. Nonetheless, 15 students remained incorrect from both the pre-survey to the post-
survey (Table 9).  
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Table 9. Test of Science Literacy Skills (TOSLS) Q17 McNemar’s contingency table in EES 100, Spring 
2018, University of Maine. 
  Post-Survey 
  # Students Correct # Students Incorrect 
Pre-Survey 
# Students Correct 15 4 
# Students Incorrect 10 15 
 
The interviews showed some trends that could explain why many students had difficulty with 
this question in the surveys. Of the 12 pre-interview volunteers, 58% answered correctly and of the five 
post-interview volunteers, 60% answered correctly. Of the participants that answered incorrectly, four 
(three in the pre-survey and one in the post-survey) students gave the answer “D”. However, the 
misconceptions that students had on Q17 (Figure 3) were overall not consistent. One participant 
pointed out that when collecting research they should look at the publisher because “when growing up, 
we were always told in school it is about who publishes the article, you can contact them…” Whereas 
another participant showed expectations that may lead to misconception such as, “…I think they would 
retract anything if it was out there long enough and incorrect. I trust the publisher to do its job.”  
Figure 3. Test of Science Literacy Skills (TOSLS) Q17 used in EES 100 Spring 2018 interviews, University of 
Maine (correct answer: ‘B’). 
 
4.2.2. Question 22 
 Similar to Q17, students had no statistical gains from pre- to post-survey on Q22 (p = 0.71; Table 
7). The results show a similar portion of students changed from the correct answer to incorrect (4) 
answer from the pre- to post-survey as changed from incorrect to correct (3; Table 10). However, 35 
17. The most important factor influencing you to categorize a research article as trustworthy science  
       is: 
a. the presence of data or graphs 
b. the article was evaluated by unbiased third-party experts 
c. the reputation of the researchers 
d. the publisher of the article 
 35 
 
students remained correct in their answer to Q22 across the two surveys; this question had the greatest 
correct responses of all four target questions (Table 10).  
Table 10. Test of Science Literacy Skills (TOSLS) Q22 McNemar’s contingency table in EES 100, Spring 
2018, University of Maine. 
  Post-Survey 
  # Students Correct # Students Incorrect 
Pre-Survey 
# Students Correct 35 4 
# Students Incorrect 3 2 
 
 In both the pre- and post-interview, almost 100% of the students answered Q22 (Figure 4) 
correctly. In fact, the only volunteer who answered Q22 incorrectly in an interview was the individual 
who had not taken the survey prior to the interview. This individual also took the post-interview and at 
that time answered correctly. Looking at all the correct interview responses, a trend in the verbiage that 
students used to explain their answer arose:  
Participant 2: “...you always want an unbiased, well, outside opinion on [medical choices]...” 
Participant 3: “...All the other [answer options] could have bias...and just a research study seems 
like the most effective way to find an unbiased outcome.” 
Participant 7: “...a research study conducted by outside researchers would be fairly unbiased and 
would actually have decent results to share…” 
Participant 13: “...it is an unbiased third party doing the research on that drug, whereas all the 
other things are just less trustworthy, not necessarily unbiased.” 
As can be seen (Figure 4), nowhere in the context of Q22 were the terms “bias” or “unbiased” used, yet 
82% (pre: 10/12, post: 4/5) of the participants used this terminology to defend their answer. Only 29% 
(pre: 4/12, post: 1/5) of participants utilized the context of unbiased, a term found in the text of Q17 
(Figure 3), in their interview responses to that question (Table 11). The use of the term “bias” or 
“unbiased” suggested that students understood an important component of the peer review process 
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which is a defining characteristic of source evaluation. However, none of the students gave a definition 
of bias when presenting their reasoning and therefore it is uncertain whether the students actually had 
an understanding of what it means to be biased or unbiased. Further inquiry in future interviews would 
be necessary for conclusive results.  
 Although students were not specific in their explanation of bias, there were other differences in 
student responses to Q17 and Q22 that could explain the difference in difficulty. Q17 (Figure 3) provides 
answer responses that are arguably all important aspects of a trustworthy article. As such, students are 
struggling to identify what is the most important of all the positive characteristics of a research article. 
Q22, on the other hand, has a set of negative buzzwords within the results. Students targeted words 
such as “news” or “manufacturer” as having a negative connotation when determining trustworthy 
aspects of research. Students were more apt to remove responses that they associated with negative 
aspects of research than they were to eliminate responses that contained terms that had positive 
associations with trustworthy science.  
Figure 4. Test of Science Literacy Skills (TOSLS) Q22 used in EES 100 Spring 2018 interviews, University of 
Maine (corect answer: ‘C’). 
 
 
 
 
 
 
22. Your doctor prescribed you a drug that is brand new. The drug has some significant side effects,  
       so you do some research to determine the effectiveness of the new drug compared to similar  
      drugs on the market. Which of the following sources would provide the most accurate  
      information? 
 
a. the drug manufacturer’s pamphlet/website 
b. a special feature about the drug on the nightly news 
c. a research study conducted by outside researchers 
d. information from a trusted friend who has been taking the drug for six months 
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Table 11. Interviewee use of the term “bias” or “unbiased” in Test of Science Literacy Skills (TOSLS) Q17 
and Q22 for EES 100, Spring 2018, University of Maine. 
Interview 1 2 3 4* 5 6 7 8 9 10 11 12 13 14 15 16 17 
Q17 No Yes Yes No No No Yes No Yes No No No No No Yes No No  
Q22 No Yes Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes 
*This participant did not take the pre-survey prior to the interview 
 
4.3 Graphical Representation and Interpretation 
 Intervention 1 (GCC) and Intervention 2 (Data Summits) were intended to target the skills of 
making a graph (Q15) and justifying inferences, predictions, and conclusions based on quantitative data 
(Q28). Both Q15 and Q28 involve evaluation of graphs provided in the survey questions. Although not 
the same skill, both rely heavily on understanding and interpreting the information provided by graphs. 
When measuring the difficulty of these two skills, Gormally et al. (2012) both fell at or below 0.5 on the 
difficulty scale in both pre- and post-surveys indicating that the two are among the more difficult 
questions. As such, lower overall scores on these questions seen in Figure 5 were anticipated, as was the 
case with Q17.  
 
Figure 5. Test of Science Literacy Skills (TOSLS) pre- and post-survey scores for Q15 and Q28 in EES 100, 
Spring 2018, University of Maine. 
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4.3.1. Question 15 
 Changes in pre/post results on the surveys were not statistically significant for Q15 (p = 1.00; 
Table 7). As can be seen in Table 12, the same number of students went from the incorrect answer on 
the pre-survey to the correct answer on the post survey as went from correct to incorrect. This 
inconsistency suggests that students were having difficulties understanding the question enough to stay 
confident in their answers. This is also supported by the overall average (43%, Figure 5) which shows 
that fewer than half of the students were correct on both surveys.  
Table 12. Test of Science Literacy Skills (TOSLS) Q15 McNemar contingency table in EES 100, Spring 
2018, University of Maine. 
  Post-Survey 
  # Students Correct # Students Incorrect 
Pre-Survey 
# Students Correct 11 8 
# Students Incorrect 8 17 
  
Only 17% of interviewees answered Q15 correctly on the pre-interview and none of the post-
interview participants answered correctly. Of the participants who answered Q15 (Figure 6) incorrectly, 
80% chose graph C. According to participant responses, many selected graph C because they felt more 
information was provided– given the individual points– than in the other graphs. 
 Participant 3: “It shows a range of stress levels so it is just more specific…” 
 Participant 5: “…[the points] are not all connected, [the graph] shows individual points…” 
 Participant 6: “…there was more data represented in [graph C], like different stress levels versus 
 blood pressure, whereas in this one it is just high and low…” 
Although they vary in description, the overarching theme from respondents for choosing the incorrect 
answer was that more information was given in graph C since the individual data points were shown 
rather than a summary of the data from which individual responses could not be discerned. 
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Figure 6. Test of Science Literacy Skills (TOSLS) Q15 used in EES 100 Spring 2018 interviews, University of 
Maine (Answer: ‘D’). 
 
4.3.2. Question 28  
 The difference in student performance from pre-survey to post-survey was also not statistically 
significant for Q28 (p = 0.35; Table 7). Eleven students went from the correct answer in the pre-survey to 
the incorrect answer in the post survey (Table 13). Only seven students improved pre-survey to post-
survey. This inconsistency in responding correctly again identifies a student difficulty with this question 
which is also shown by the approximately 10% decrease in score for Q28 from the pre-survey to post-
survey (Table 13).  
 
15. Researchers found that chronically stressed individuals have significantly higher blood pressure  
      compared to individuals with little stress. Which graph would be most appropriate for displaying  
      the mean (average) blood pressure scores for high-stress and low-stress groups of people? 
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Table 13. Test of Science Literacy Skills (TOSLS) Q28 McNemar’s contingency table in EES 100, Spring 
2018, University of Maine. 
  Post-Survey 
  # Students Correct # Students Incorrect 
Pre-Survey 
# Students Correct 14 11 
# Students Incorrect 7 12 
 
 In response to Q28 (Figure 7) in the interviews, none of the participants selected answer choice 
“A”; some stated that the option was irrelevant to the question while others simply did not mention it. 
Similar to the survey responses, the post-interview average (20%) was less than the pre-interview 
average (58%). Across all the interviews, Q28 was answered correctly (“B”) by 47% of the interviewees, 
however, 41% of interviewees were stumped by answer “D”. Students that chose this answer did not 
seem to notice that the direction of the trend was opposite the narrative description. Rather, those who 
answered incorrectly seemed to be focused on the hypothesis that supplemented the trend and 
whether or not that hypothesis seemed correct. Students who answered “D” supported it with 
statements such as:  
 Participant 4:  “I picked ‘D’ because it kind of does make sense that there are a lot less predators 
 at the higher elevation as you go up. A lot of things can’t survive.”   
 Participant 8: “You can see that as the elevation goes up you have smaller shrimp population. 
 Less shrimp so you know that at a higher elevation they probably have less predators.” 
 Participant 12: “I would go with ‘D’ because I do think they would have fewer predators at 
 higher elevations. I can’t imagine many things using so much energy to get so high up to eat a 
 little thing.”   
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Figure 7. Test of Science Literacy Skills (TOSLS) Q28 used in EES 100 Spring 2018 interviews, University of 
Maine (correct answer: ‘B’). 
 
 
 
 
 
Background for question 28: Researchers interested in the relation between River Shrimp 
(Macrobrachium) abundance and pool site elevation, presented the data in the graph below. 
Interestingly, the researchers also noted that water pools tended to be shallower at higher elevations. 
 
 
28. Which of the following is a plausible hypothesis to explain the results presented in the graph? 
 
a. There are more water pools at elevations above 340 meters because it rains more  
    frequently in higher elevations. 
b. River shrimp are more abundant in lower elevations because pools at these sites tend to be 
                  deeper. 
c. This graph cannot be interpreted due to an outlying data point. 
d. As elevation increases, shrimp abundance increases because they have fewer predators at 
   higher elevations. 
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CHAPTER 5 
DISCUSSION 
5.1. Conclusions of the Study 
The interventions in this study were designed as the first stepping stones in a process from 
which we can ultimately derive educational resources to implement throughout science curricula. 
Although my hypothesis that these interventions would show gains in TOSLS scores – in particular with 
the questions of interest – was not supported overall or in the majority of demographic groups, much 
was learned about how students are thinking around the science literacy topics of source and graphical 
evaluations. This serves as a starting point for intervention modifications. Lack of participation in the 
post-survey interviews meant that there was not a sufficiently large sample of the population (5 
interviews out of 148 students) to utilize the information obtained on questions designed to provide 
students’ feedback on the interventions.   
 Rather than seeing the impact of the interventions on student proficiency based on TOSLS, I 
found from the interviews that students struggled with some similar types of misconception both before 
and after the interventions. When faced with determining the reliability of a source, students were 
aware that there are important aspects to look for such as a reliable publisher and researcher as well as 
supportive data and figures. However, the students could not always pinpoint the factor of an “unbiased 
third party expert” as one of the strongest components of trustworthy science, despite having 
participated in an in-class role play activity that used that language. As one study involving six disciplines 
in 50 colleges with responses from 278 educators highlighted there are discrepancies in teaching about 
information literacy (source evaluation). It was found that educators differed in their perceptions of the 
importance and relevance of information literacy in their courses (Saunders, 2012). As such, students 
across classes and institutions are not being provided with the same information. With consistent 
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methods of assessment and targeted intervention, these discrepancies can be mitigated and concepts 
can be reinforced throughout primary and secondary education. 
 Interviews also uncovered the difficulties that students had with the science literacy skills 
involving quantitative data and graphing. Interviews showed that students got caught up in the quantity 
of data provided and they were therefore unable to reconcile what graph was most appropriate for the 
question at hand. A similar trend was shown in a study investigating quantitative literacy where science-
major students in a university introductory biology course were unable to select the appropriate graph 
to utilize when asked to graph a set of data (Bray Speth et al., 2010). Identifying the research question is 
the first step in determining graph configuration (Webber et al., 2014). Without this step, any type of 
graph could potentially be used to display the data. Students must be aware of the intent of the graph in 
order to produce the appropriate type of graph. Not only did students struggle with the design of graphs 
but they also had difficulty with what the graph portrayed. Interviews revealed that justifying inferences 
was difficult for students as the inferences provided relied on students’ own prior knowledge rather 
than the data presented to them. Again, this source of difficulty with graphs is well documented in the 
literature, even recently (Pérez-Echeverría, Postigo, & Marín, 2018). The difficulties in these skills in 
particular are important to note as it is necessary as a scientifically literate citizen to be able to read a 
graph, identify the trend, and determine if the drawn conclusions are appropriate. If we know what skills 
students struggle with the most, such as these specific concerns, we can design studies that will uncover 
students’ common misconceptions or discover where they get distracted from the important features of 
a problem or graph. With that knowledge, we can then design better interventions to target these skills.  
The interventions in this study were not able to change student thinking on these topics that 
have been shown to be difficult. Instead these findings suggest that greater intervention is necessary in 
order to see improvement in these areas (source evaluation and graph evaluation and interpretation) 
via instruction aimed at students’ specific misunderstandings. Other factors could have driven these 
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results – the methods of delivery, student familiarity (or lack thereof) with the material, time spent with 
each skill, or difficulty with understanding, reading, or interpreting the questions. Nonetheless, by 
focusing on the extent to which students struggle with these science literacy skills, we can more 
efficiently target the intervention and eventually see improvement on TOSLS in these skill areas. 
Continuing to investigate the specific difficulties students have within each skill will allow for more 
directed educational instruction so that classroom time can be used more effectively to help students 
overcome previous conceptions. In the long run, this educational experience will allow for the formation 
of more scientifically literate citizens.  
 Scientific research is held to a high standard because of the rigor of the methodology, 
evaluation, and peer review processes that drive the many fields of research. Science literacy is at the 
core of this and it is an unspoken assumption that scientists inherently have these skills. Yet, when 
looking at the results of this study, in a course in which approximately two-thirds of students are 
science-related majors, the results were disappointing with an average for the course below 65% for 
both matched (Appendix H) and unmatched (Appendix I) data sets, indicating relatively low fluency in 
science literacy. At some point these skills need to be imparted upon these students who will enter their 
scientific fields of study with the expectation that they already have these skills. This raises two 
concerns: first, the prior concern with the inability to make sound scientific decisions; and second, the 
concern that science students do not have command of these skills early in their academic training, and 
thus rely on college and post-graduate experience to develop these core science skills, perhaps 
inadequately. This has a compounding effect when citizens do not have the ability to identify a well-
constructed study from a poorly designed one (Scheufele, 2013). Therefore, reform in science literacy 
education starting prior to college is vital to uphold scientific rigor and ensure students have these skills 
internalized prior to entering their fields of study. 
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5.2. Limitations and Modifications 
 In order to continue progress toward a toolbox of interventions that can be used as educational 
resources for improving student science literacy proficiency, the limitations of this study must be noted. 
Results of this study were greatly limited by the participation of students on the surveys as well as in the 
interviews. Although the surveys were available for course participation credit to all 148 students 
(measured at the beginning of the semester), only 111 students submitted the pre-survey and only 90 
submitted the post-survey. These numbers were further restricted by the QA methods which were 
deployed independently of the TOSLS instruction. Participation in surveys was even less as these 
opportunities were voluntary and supplied an incentive that may have had an influence on certain 
demographics that may not have been representative of the class population.  
 Of the 148 students, 12 participated in the pre-interview whereas only 5 participated in the 
post-interview. Majority trends in interview results suggested class-scale difficulties; however, the 
assumption remains that the samples were representative. Requiring interviewees to participate in both 
the pre-survey and post-survey was difficult given that commitments from beginning of the semester 
may not be upheld at the end of the semester. As was apparent in the results, procuring volunteers 
became more difficult at the end of the semester.  
 Limitations with the interventions also included time, data collection, and limited pilot data for 
determination of target skills. Due to time constraints of the semester, only a certain amount of time 
could be allotted to provide the students with opportunities to develop the target science literacy skills. 
Given this, some interventions occurred outside of class where students may have misinterpreted what 
they were supposed to do for an assigned task and as such they may not have worked towards 
improvement of the targeted science literacy skills. As mentioned in Falk et al. (2016), opportunities 
where information is presented informally can lead to misinterpretation. As such, I would recommend 
that future interventions be carried out in the classroom to ensure that students are presented with the 
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information as intended. However, I would suggest maintaining the interactive nature of the activities as 
were used throughout the interventions utilizing peer interaction and discussion. Volunteers for the 
post interviews were quick to recall the activities as they were much more memorable to them as they 
played a role in the education of themselves as well as their classmates. With the currently designed 
interventions, data collection should be deployed within the interventions as was attempted by using 
the iClicker system and grading assignments; however, these should be a comparable measure to relate 
to the TOSLS skills being targeted. Further, data could be collected from students at the end of the post-
survey inquiring about the usefulness of the interventions to use as broad scale feedback rather than 
only the five sets of data collected in the post-interview. Student feedback throughout would be 
invaluable to the construction of stronger interventions.  
Finally, targeting the appropriate skills for the course in question and the difficulties students 
have with those skills is key for building upon student understanding. In this study, information was used 
from a pilot year rather than the current semester. Although there were obvious struggles in the 
selected skills in 2018 as well, not enough was determined about the particulars of those struggles in 
2017 that could lead to impactful interventions. Targeting the skills, finding the gaps in student 
understanding within the skill, and then providing educators with tools to fill those gaps will be the 
foundation for making scientifically literate individuals.  
5.3. Implications 
 Studies have shown the need for scientifically literate citizens regardless of nationality, race, 
ethnicity, gender, social class, or age (Allum, Besley, Gomez, & Brunton-Smith, 2018; Msafiri, 2018). Yet, 
there are few resources available describing methods in which to bring about these scientifically literate 
citizens. As Feinstein (2010) points out, there has been little impact of science education on use and 
interpretation of science in everyday life. So not only is there a lack of resources from which to educate 
people in science literacy, but those that are in practice provide little aid in the practical use of science 
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literacy. The interventions designed in this study were just the first step in the iterative design process to 
provide educators with resources to aid students in developing science literacy skills that can be utilized 
in daily life. The intent was to fill the need for educational materials focused in science literacy for 
classroom education. The need for these resources in education have been discussed by many as they 
recognize the need for scientifically literate citizens (Matschullat, 2015; Millar, 2006; Gormally et al., 
2012; Reeves and Honig, 2015). 
 As instructed by Gormally et al. (2012), TOSLS was used to determine gaps in students’ 
proficiency in certain science literacy skills as compared to the intent of the science literacy instruction, 
in this case the interventions. This helped determine whether or not there was a quantifiable impact of 
the intervention on students’ proficiency in the targeted skills. By having a measurable outcome – a 
TOSLS score – we have provided a standard by which other interventions can be compared. As 
previously mentioned, TOSLS is a multidimensional tool that can be used in different post-secondary 
educational settings, from small colleges to large general education courses at universities. This tool also 
targets science literacy in a framework that is relevant to daily life and thus should improve upon the 
lack of relevancy that Feinstein (2010) discovered in the education of science literacy. The more a tool 
such as TOSLS can be used, the more data will be available to evaluate what methods of education will 
demonstrate an increase in student proficiency in science literacy. 
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APPENDIX A: TEST OF SCIENCE LITERACY SKILLS SURVEY (Gormally et al., 2012)
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APPENDIX B: PILOT INTERVIEW SCRIPT 
“Please think aloud as you answer the following question” (See #2 on TOSLS): 
a. “Why do you think that is the correct answer?” 
b. “Why do you think that the other answers are incorrect?” 
c. “Is there anything you recalled from EES 100 that helped you answer this question?” 
“Please think aloud as you answer the following question” (See #5 on TOSLS): 
a. “Why do you think that is the correct answer?” 
b. “Why do you think that the other answers are incorrect?” 
c. “Is there anything you recalled from EES 100 that helped you answer this question?” 
“Please think aloud as you answer the following question” (See #17 on TOSLS): 
a. “Why do you think that is the correct answer?” 
b. “Why do you think that the other answers are incorrect?” 
c. “Is there anything you recalled from EES 100 that helped you answer this question?” 
“Please think aloud as you answer the following question” (See #22 on TOSLS): 
a. “Why do you think that is the correct answer?” 
b. “Why do you think that the other answers are incorrect?” 
c. “Is there anything you recalled from EES 100 that helped you answer this question?” 
“Please think aloud as you answer the following question” (See #28 on TOSLS): 
a. “Why do you think that is the correct answer?” 
b. “Why do you think that the other answers are incorrect?” 
c. “Is there anything you recalled from EES 100 that helped you answer this question?” 
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APPENDIX C: PRE-INTERVIEW SCRIPT 
 
Review the Consent form, ensure all of the form is understood, and start recording 
Ask and record the following demographic data, students do not have to offer this information. 
Expected Graduation:_____________ 
Major:______________ 
Gender:_______________ 
1.  Hand student first question: 
a. "Please read and answer the following question. Feel free to write on the paper.” 
b. “How did you come to this answer?” 
2.  Hand the student the second question: 
a. "Please read and answer the following question. Feel free to write on the paper.” 
b. “How did you come to this answer?” 
3.  Hand student third question: 
a. "Please read and answer the following question” 
b. “How did you come to this answer?” 
4. Hand student fourth question: 
a. "Please read and answer the following question” 
b. “How did you come to this answer?” 
 
  
 64 
 
APPENDIX D: POST-INTERVIEW SCRIPT 
 
Review the Consent form, ensure all of the form is understood, and start recording 
Ask and record the following demographic data, students do not have to offer this information. 
Expected Graduation:_____________ 
Major:______________ 
Gender:_______________ 
1. Hand student first question: 
a. "Please read and answer the following question. Feel free to write on the paper.” 
b. “How did you come to this answer?” 
c. “Was there anything from EES100 that you did or learned that helped you solve this?” 
2. Hand the student the second question: 
a. "Please read and answer the following question” 
b.  “How did you come to this answer?” 
c. “Was there anything from EES100 that you did or learned that helped you solve this?”  
3. Hand student third question: 
a. "Please read and answer the following question” 
b. “How did you come to this answer?” 
c. “Was there anything from EES100 that you did or learned that helped you solve this?” 
4. Hand student fourth question: 
a. "Please read and answer the following question” 
b. “How did you come to this answer?” 
c. “Was there anything from EES100 that you did or learned that helped you solve this?” 
Once complete with all questions, ask the following: 
1. “Do you remember the Graph Choice Chart from the semester?” 
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a. “Did you attend that lecture?” 
b. “Did you find the activity fun and or helpful?”  
2. “Do you remember the Summit activity from the semester?” 
a. “Did you attend that lecture?” 
b. “Did you find the activity fun and or helpful?” 
3. “Do you remember the research stakeholder role-play from the semester?” 
a. “Did you attend that lecture?” 
b. “Did you find the activity fun and or helpful?” 
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APPENDIX E: DATA SUMMIT- “IS THE ENVIRONMENT OF MAINE PRISTINE?” 
Answer the following questions: 
1. Which chart or graph did your group use in class? Include the page number from the pdf that 
contains all the graphs used in class (available on Blackboard).  
2. Based on the figure your group used, what is your answer: Is the environment of Maine pristine?  
3. Provide 1 sentence that summarizes whether you think this chart or graph is reliable and 
relevant to the question. For example, you might say, “This figure showing population growth 
was derived from census data collected by the U.S. government so I think it is reliable, scientific 
information”.  
4. Based on the graph choice chart (hint: handout in class or slides from the Population Biology 
lecture), was the appropriate graph or figure used? If yes, list the steps on the graph choice 
chart that get you to that graph. If no, identify the appropriate graph that should be used and 
list the steps from the graph choice chart that you used to come to that conclusion.  
5. There are often individuals or groups who have vested interest in ongoing research (examples: 
companies, organizations, manufacturers, etc.). These “stakeholders” can sometimes present 
data in a way that is advantageous to their interests. What outside factors could have influenced 
the graphical presentation of the data you chose? Does anyone have a stake in the information 
that might explain why the graph was presented the way it was?  
6. Use the data from your graph to support or refute the following hypothesis (for help, enjoy this 
video: https://www.youtube.com/watch?v=HZ9xZHWY0mw). Hypothesis: If Maine’s natural 
resources continue to decline in quantity and quality, then Maine is no longer pristine because 
there has been a negative change in the environment. 
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APPENDIX F: DATA SUMMIT- “ARE WE IN THE ANTHROPOCENE?” 
Answer the following questions: 
1. Choose a graph that, using data, somehow provides evidence to help answer the following 
question: are we in a new geological time period called the Anthropocene?  Bring your graph to 
class, and attach it to the answers to the following questions. 
2. Based on the figure you are using, what is your answer: are we in the Anthropocene?  Why or 
why not?  Use the data in your graph to support your claim. 
3. Be sure to cite your source, and know where the data come from.  Provide 1 sentence that 
summarizes whether you think this chart or graph is a reliable source and relevant to the 
question.  For example, you might say, “This figure showing population growth was derived from 
census data collected by the U.S. government so I think it is reliable, scientific information.” 
4. Based on the graph choice chart (hint: handout in class or slides from the Population Biology 
lecture), was the appropriate graph/figure used?  If yes, list the steps on the graph choice chart 
that get you to that graph.  If no, identify a more appropriate graph that could be used and list 
the steps from the graph choice chart that you used to come to that conclusion. 
5. There are often individuals or groups who have vested interest in ongoing research (examples: 
companies, organizations, manufacturers, etc.).  These “stakeholders” can sometimes present 
data in a way that is advantageous to their interests.  What outside factors could have 
influenced the graphical presentation of the data you chose?  Does anyone have a stake in the 
information that might explain why the graph was presented the way it was? 
6. Use the data from your graph to support or refute the following hypothesis (for help, enjoy this 
video: https://www.youtube.com/watch?v=HZ9xZHWY0mw).  Hypothesis: Human activities are 
the predominant driver shaping the earth system, so we are currently in the Anthropocene. 
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APPENDIX G: ROLE PLAY 
Scenario:  
The Indian government is considering banning DDT (it is still in use there, and it is still produced in 
China), which is currently used to control mosquitoes to inhibit the spread of malaria. A meeting of 
stakeholders will discuss implications and how they should proceed. 
Roles: 
1. Doctor working for a non-profit organization that provides healthcare to the rural, low-income 
population locally 
2. Representative of a company that farms food in India that is shipped to the U.S. 
3. Ecologist who works at a national park in India that is near agricultural land where DDT is used 
4. Local spokesperson who represents local Indians that have experienced birth defects due to DDT 
5. Resident who has had 3 family members die in areas untreated by DDT 
Follow-up Think, Pair, Share:  
You are a scientist who has researched the pesticides on food imported to the U.S. from India. You have 
written your paper, but before publishing an unbiased third-party must evaluate the data, graphs, and 
paper to ensure the conclusions are sound.  
1. Were any of the roles played by the actors an unbiased party? Why or why not?  
2. Who would you consider an unbiased 3rd party (or more than one)? 
Class Instruction: 
1. Have students get into their groups 
2. Split the class into 5 sections and assign each section a role 
3. Each group in that section will discuss will create arguments for or against banning DDT based 
on their role- at least 1 person should take notes (7 minutes).  
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4. Groups from the sections will convene and select a single actor/actress to play the role and give 
them a script with points of discussion (10 minutes) 
5. Have actors/actresses discuss/role play in front of the class, students should take notes on what 
was discussed (3 minutes) 
Instructional Resource Sheet: 
Role:________________________________ 
Circle:    In favor of banning DDT   Against banning DDT 
Points for/against DDT based on role: 
 
 
 
 
 
Discussions to be had with other roles (Doctor, Ecologist, Company Rep, Spokesperson): 
 
 
 
 
 
 
Compromises you would make (if any): 
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APPENDIX H: CLASS DATA (MATCHED) 
 Overall Men Women EES* Non-EES** First-year Upperclass 
 Pre Pre Pre Pre Pre Pre Pre 
n 44 18 24 12 32 30 14 
Mean (% correct) 62 66 58 61 63 61 66 
Median (% correct)  62 70 57 57 64 59 71 
SD (% correct) 17 18 16 13 19 16 20 
Variance (% correct) 3 3 2 2 3 2 4 
Min (% correct) 25 25 32 46 25 32 25 
Max (% correct) 96 93 96 82 96 93 96 
 Post Post Post Post Post Post Post 
n 44 18 24 12 32 30 14 
Mean (% correct) 63 62 64 68 61 63 63 
Median (% correct)  64 68 64 64 66 64 61 
SD (% correct) 19 22 14 14 21 18 22 
Variance (% correct) 3 5 2 2 5 3 5 
Min (% correct) 21 21 25 50 21 21 25 
Max (% correct) 96 89 93 96 93 96 93 
*Ecology and Environmental Science majors 
**Majors other than EES (Non-EES) 
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APPENDIX I: CLASS DATA (UNMATCHED) 
 Overall Men Women EES* Non-EES** First-year Upperclass 
 Pre Pre Pre Pre Pre Pre Pre 
n 88 42 42 26 62 53 35 
Mean (% correct) 58 59 56 54 60 56 61 
Median (% correct)  57 59 54 52 61 54 61 
SD (% correct) 20 22 18 18 20 20 20 
Variance (% correct) 4 5 3 3 4 4 4 
Min (% correct) 18 18 18 18 18 18 25 
Max (% correct) 96 93 96 82 96 93 96 
 Post Post Post Post Post Post Post 
n 56 25 27 14 42 37 18 
Mean (% correct) 60 57 64 69 57 60 62 
Median (% correct)  61 61 64 64 59 61 64 
SD (% correct) 20 22 15 14 20 18 22 
Variance (% correct) 4 5 2 2 4 3 5 
Min (% correct) 21 21 29 50 21 21 25 
Max (% correct) 96 89 93 96 93 96 93 
*Ecology and Environmental Science majors 
**Majors other than EES (Non-EES) 
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